Background Altered neural regulation of the cardiovascular system may be an important factor for various manifestations of ischemic heart disease. This research was designed to compare the circadian rhythm of cardiac neural regulation and autonomic responses to arousal and upright posture between patients with uncomplicated coronary artery disease (CAD) and age-matched subjects with no evidence of heart disease.
Methods and Results Twenty-four-hour heart rate variability (HRV) in the frequency domain was analyzed in 20 male patients (mean age, 52±7 years) with angiographic evidence of CAD without prior myocardial infarction and in 20 healthy men (mean age, 51+±8 years) with no clinical, echocardiographic, or exercise ECG evidence of heart disease. None of the 24-hour average frequency-domain components of HRV differed significantly between the two groups. Healthy subjects had a significant circadian rhythm of normalized units of high-frequency (HF) power of HRV with higher values during sleep. Normalized units of low-frequency (LF) power and the LF/HF ratio also showed a significant circadian rhythm in linical and experimental studies provide strong evidence of the importance of cardiac autonomic regulation for the pathophysiology of various manifestations of ischemic heart disease.1-5 Autonomic nervous control of the cardiovascular system has a distinct circadian rhythm,6-8 and this may be an important mechanism underlying the diurnal distribution of cardiac events such as myocardial ischemia, myocardial infarction, and cardiac death. 9 Analysis of heart rate variability (HRV) in the frequency domain is a novel method of studying cardiovascular neural regulation.10"' Decrease of HRV is frequently associated with coronary artery disease (CAD), 4, An autoregressive model was used to estimate the power spectrum densities of the RR interval variability.23,24 Size 10 was used for the order of the model in analysis of the RR data. The computer program automatically calculates the autoregressive coefficients to define the power spectrum density. Power spectra were quantified by measurement of the area in three frequency bands: total power <0.4 Hz, high-frequency (HF) power from 0.15 to 0.40 Hz, and low-frequency (LF) power from 0.04 to 0.15 Hz. The various spectral components were calculated (1) as absolute units (equal to area under the curves for the spectral densities) and (2) as normalized units by dividing the power of the LF and HF components by the total power, from which the <0.04 Hz had been subtracted, and multiplying by 100. The ratios between the LF and HF spectra in fractional units were also analyzed. The SD of successive RR intervals was also calculated. The average 1-hour and 24-hour RR intervals, SD of RR intervals, and the power spectrum components of HRV were calculated from segments of 512 RR, and the average 30-minute values were calculated both before and after awakening in the supine position and in the upright position immediately after getting up. The mean values for the sleeping hours (midnight to 6 AM), awake hours (9 AM to 9 PM), and total 24-hour period were calculated for each subject. compared with healthy subjects, so the magnitude of its night-day difference was smaller (P<.01) (Fig 1) . Normalized units of LF power of HRV also showed a significant circadian rhythm in healthy subjects, with higher values during the daytime, but no significant circadian fluctuations in LF components were observed in the patients with CAD (Fig 2) . The healthy subjects also had a significant night-day difference in the LF/HF ratio, which was not observed in the CAD patients ( Fig  3, Table 1 10 Normalized units Day (9 AM to 9 PM), mS2X10
Normalized units Night-day difference, ms2x 10 Normalized units LF power 24-Hour, ms2x10 Normalized units Night, ms2xlO Normalized units Day, ms2x10
Normalized units Night-day difference, ms2x lO Normalized heart rate or in any of the spectral components of HRV in the patients with CAD. Likewise, the LF/HF ratio increased after awakening in the healthy subjects but not in the patients. Habitual physical activity in the upright position resulted in a significant decrease in the average RR intervals and HF spectral components in both groups (Table 2) , with a significant increase in the LF/HF ratio. 2 4 6 8 10 12 14 16 18 20 22 24 time (clock) FIG 3. Graph showing circadian rhythm in the ratio between low-frequency (LF) and high-frequency (HF) power spectrum components of heart rate variability in healthy subjects (CAD-) and patients with coronary artery disease (CAD+).
Discussion Methodological Considerations
There have been some differences in the methodologies used previously for calculating the frequencydomain components of HRV. Some authors report the area under the frequency-domain bands in absolute units,"-1"525 others report the components in normalized units by dividing the frequency bands by the difference between the total power and the DC component,'0'26'27 and some consider the effects of the variation in the RR interval on each component and divide the square roots of the components by the mean RR interval.45 In general, absolute units of spectral components of HRV can give important prognostic information in postinfarction patients,25 but normalized units may give more relevant physiological information on temporal reciprocal changes in cardiac autonomic control.10'26'27 Therefore, both the absolute units and normalized units were used in this study.
There is general agreement that the power of HF oscillations, which are related to respiration, provides a marker of efferent vagal input to the heart.101128 LF power calculated in normalized units reflects most closely fluctuations in sympathetic tone,10'16,27 and LF/HF ratio is a marker of sympathovagal balance. 10, 27 Total variance of RR intervals is closely related to absolute units of different power spectral components and reflects probably the level of overall autonomic and perhaps renin-angiotensin control of heart rate.28
Differences in Neural Regulation Between Patients With Coronary Artery Disease and Healthy Subjects
HF and LF components of HRV had significant circadian rhythms in the healthy subjects. Earlier studies on normal subjects, hypertensive patients, and postinfarction patients have demonstrated similar circadian fluctuations of the spectral components of HRV. [29] [30] [31] There were quantitative differences in the amplitude of the circadian rhythms of the power spectral components between the patients with CAD and the healthy subjects. The amplitude of circadian fluctuation in the HF spectral component was blunted in the patients with CAD, suggesting that the vagal responses to endogenous or exogenous stimuli are reduced in CAD. The healthy subjects also showed a circadian rhythm in the LF/HF ratio, which reflects a balance between the sympathetic and vagal tone, but this rhythm was blunted in the patients with CAD. The circadian rhythm of normalized power of the LF component was also blunted in the patients with CAD, suggesting that the diurnal fluctuation of both vagal and sympathetic activity is altered in CAD. Previous studies have demonstrated similar reductions in the amplitudes of circadian rhythm of LF power and LF/HF ratio in hypertensive and diabetic patients compared with healthy subjects.32'33 Lombardi et a130 also reported similar results in post-myocardial infarction patients. However, the LF component and LF/HF ratio were greater in patients after recent myocardial infarction than in control subjects, suggesting a shift toward sympathetic excitatory and a reduced vagal tone. It can therefore be hypothesized that in patients with CAD but without recent myocardial infarction, the alteration of neural regulatory mechanisms is reflected mainly by a diminished fluctuation of spectral indexes of neural modulation.
Previous research has demonstrated that the HRV is reduced in patients with ischemic heart disease,45"12-16 although the series concerned have included mixed groups of patients with and without myocardial infarction who have not necessarily been matched in terms of the age with the control subjects. Chronic myocardial infarction causes destruction of the ventricular neural receptors, which results in altered autonomic regulation,34 and aging has significant effects on vagal heart rate control.1"35 In addition, previous recordings have been performed on hospitalized patients, which may also alter the magnitude of the normal diurnal rhythm of autonomic tone.
There may be several reasons for the impaired fluctuation in cardiac autonomic tone observed in CAD. 
